Microorganisms subjected to various physical or chemical stresses (4, 9) such as heating (1, 22) , freezing (18) , reduced water activity and dehydration (10, 21) , and acidification (17) frequently become debilitated. One consequence of the stress may include the inability of the stressed microorganisms to grow on selective media upon which uninjured cells grow well (24) . The addition of catalase (EC 1.11.1.6) to these selective media has been proposed for increased enumeration (3, 7, 15, 19) . Hydrogen peroxide has pronounced bactericidal effects, and its accumulation due to partial inactivation of catalase has been implicated in the reduced enumeration of injured microorganisms (15) . Baird-Parker and Davenport (2) first suggested the use of pyruvate, a decomposer of H202, in the enumeration of stressed staphylococci. Martin et al. (15) added catalase to selective media normally used for the isolation of microorganisms. This addition resulted in 90 times greater enumeration for sublethally stressed gram-negative organisms than media without catalase. Several hundredfold increases have been observed for some strains of Staphylococcus aureus (7) .
MATERIALS AND METHODS
Growth and stress conditions of the test organism. Cultivation and stress conditions were similar to those described by Iandolo and Ordal (11 was added to the mixtures, which were allowed to stand at room temperature for 1 min. The suspensions were then centrifuged at 10,000 x g for 20 min. The supernatant was retained and stored in an ice bath. Catalase assay. The colorimetric assay of Sinha (20) was used. This method is based on the reduction of dichromate in acetic acid to chromic acetate when heated in the presence of H202. The Ams, of the cell lysates was measured, and that volume of lysate equivalent to 1 A260 unit was determined. The lysate was added to the assay mixture of H202 and 10 mM PPB, pH 7.0. Samples were taken periodically and mixed with the dichromate-acetic acid mixture, stopping the reaction. The quantity of H202 remaining was determined from a standard curve. From this value, the amount of catalase activity at that time was determined. The initial catalase activity (Ko) was calculated by the extrapolation to zero time. Activity was reported as K0 per A260 unit of lysate.
RESULTS
Catalase activity during growth has been examined in a variety of microorganisms (5, 6, 13, 14, 16, 23) . Figure 1 presents the pattem of catalase activity during the growth of S. aureus MF-31. Catalase activity showed a slight decrease early in the exponential phase, with an activity increase later in the exponential phase. A sharp increase was seen as the cells passed from exponential into stationary phase, with even greater increases in activity during the stationary phase. A 4.5-fold increase in catalase activity was seen over the 12 h of study. Catalase specific activity was determined in units of Ko per Am0 unit of lysate (Ko/Am0). Other bases for catalase specific activity (Ko per unit volume of lysate or Ko per milligram of protein) were determined with similar results (data not shown). The basis of Ko/A260 was used as the standard since it was the most quickly and accurately determined. The average range of error using this assay was determined to be 10%.
Numerous aspects of the injury and recovery of S. aureus have been examined in detail (11) . However, catalase activity during injury and recovery from sublethal stress has not been studied. Since H202 has been implicated as a secondary stress in the decreased enumeration of heatstressed S. aureus (7, 15) , an examination of catalase activity after injury was performed. Catalase activity during injury in 100 mM PPB, pH 7.2 (20 min, 5200), and recovery in TSB (350C) is shown in Fig. 2 (Fig. 1) .
Evidence that salt and heat had a debilitating effect on catalase activity in S. aureus is presented in Fig. 3 activity dropped markedly at the start of the recovery period and continued to decrease throughout this time.
DISCUSSION
The pattern of catalase activity during the growth of S. aureus MF-31 conformed to that previously observed in S. aureus (12) . However, the increase in catalase activity appeared to begin later in the exponential phase in these studies than in those performed by Kovacs et al. (12) . An increase in catalase activity in the late exponential phase was also observed in several other microorganisms (5, 6, 13, 14, 16, 23) , although the general pattern of activity showed a decrease later in the exponential growth period before this increase.
The examination of catalase during injury and recovery revealed a sharp decrease in activity during the early stages of recovery. This low level of catalase activity corresponded to the time in which the cells were not actively dividing but were repairing their stress-induced damage. Repair of ribosomal ribonucleic acid occurs during the early stages of recovery (24) , as do numerous other events. The slight increase in catalase activity at the end of this repair period was approximately the same (10%) as the amount observed in extended heat inactivation studies at this temperature (520C; data not shown). The level of catalase activity at the end of the 12-h recovery period was approximately 65% of the level of the stationary-phase culture before injury. However, this 12 h of recovery only represents 7 h of growth and was in fact an earlystationary-phase culture. The culture used for the injury was in late stationary phase (approximately 12 h of growth).
The of the S. aureus, rather than the heat injury itself, was responsible for the decreased enumeration of the heat-stressed microorganisms. These results further supported the theory that H202 accumulation due to decreased catalase activity is a critical factor in the decreased enumeration of heat-stressed S. aureus (7, 15) . The activity decrease of 85% in the recovering organisms was much higher than that observed for staphylococci during normal growth (Fig. 1) . Catalase activity during growth was approximately 25% less at 2 h than at the start of the growth curve. The decrease during the early stages of normal growth might allow some H202 accumulation. This may account for the slight drop in total viable cells that occurred at the start of the recovery and growth processes (refer to TSA counts in Fig. 1 and 2 ).
Cells recovered in TSBS and plated on TSA and TSAS (Fig. 3 ) demonstrated patterns similar to those reported previously (8) . That is, cells did not recover during the 12-h incubation period, and much of the population lost viability. TSBS was not lethal to the surviving cells (TSAS counts), but imposed an extended lag period. In addition, cells were not actively growing as evidenced by the decreasing count on TSA.
The recovery in TSBS provided further evidence that NaCl has a debilitating effect on catalase. The activity dropped early in the recovery period and continued to drop throughout this time. This is in contrast to recovery in TSB (Fig. 2) , when catalase levels began to rise after approximately 6 h. Membrane damage as evidenced by leakage of 260-nm-absorbing material into the heating menstruum has been suggested in heat-stressed S. aureus (11) . The NaCl may have entered the ceil and inactivated the catalase after the cell membrane damage.
These studies have presented an examination of catalase activity during the injury and recovery of S. aureus MF-31. The previous theory of Martin et al. (15) states that decreased enumeration of stressed S. aureus cells may be a result of accumulated H202 due to loss of catalase activity during injury. These results indicate that a decrease in catalase activity during recovery, rather than injury, was responsible for the increased sensitivity to H202. The sharp decrease in catalase activity during recovery in TSBS, with no subsequent increase, supports the theory that catalase inactivation could be a consequence of a synergistic effect of NaCl and heat (7) .
